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(54) IMPROVEMENTS IN HELMET-MOUNTED SIGHTS 



(71) We. HAWKER SIDDELEY AVI- 
ATION LIMITED, a British Company of 
Richmond Road, Kingsion-Upon-Thamcs, 
Surrey KT2 50S. England, do hereby dc- 
5 Clare the invention for which we pray that 
a Patent may be granted to us, and the 
method by which it is to be performed to 
be particularly described in and by the fol- 
lowing statement : 
10 This invention is concerned with helmet- 
moijntcd sights such as arc employed in 
modem navigation/ attack systems lor air- 
craft. 

Known helmet-mounted sights emoioy a 

15 fi.xcd reticle with which ihc pilot can desig- 
nate targets and thus be able to direct boUi 
his aircraft and missiie sensors to a ooint at 
which he is looking. 

Tlic pilot's tline of sight through the 

20 reticle is determined by a sight sur^'eying 
system from which is computed the position 
of the helmet and thus the line of sight of 
the pilot for target designation to the^navi- 
gaiion /attack system. Target image dis- 

25 played on a cathode ray tube may be trans- 
ferred by optical means on to a partially 
reflecting parabolic svciion of hclmci 
visor to present a collimated display visible 
to the pilot and superimposed on tijc real 

30 world seen through the visor. 

There arc certain shortcomings in tlic 
accuracy of this system due. in one respect, 
to its dependence on the attitude of the 
human head which is unbalanced and ihere- 

35 fore subject to the eiTects of vibration and 
acceleration, making it extremely difhcult to 
hold the reticle, or aiming spot, exactly on 
target which may move randomly about in 
response to the van ing disturbing influences. 

■40 Generally, therefore, the kiiown^sysieni has 
limitations in itself, for precise woaoon dc- 
Iivcr>'. 

It is therefore an object of the invention 
to overcome the various shoriconiingb in 

45 knovi-n arrangements. Accordini; to the" pre- 
sent invention, there is provided a svsicm for 
sighting targets comprising a helmet, a rlrst 
detector and a second detector, the helmet 
including means for directing radiation 

^0 from an eye of an observer wearinc the 
helmet to the first detector to allow tJic lat- 
ter to detect the position .of the eve. the 



second detector being arranged to detect 
the position of the helmet, so that the posi- 
tion of a target viewed by the observer 55 
can be determined from signals produced 
by the first and second detectors. 

By this means, advantage can be taken 
of the most natural human' way of locating 
and tracking a target. 60 

The human eye is a perfectly balanced 
organ, possessing a sufficiently good ' scr\'0 
system * to damp out all but the most 
.severe head vibrations. Unlike the require- 
ments of existing systems, which use head 65 
position only, a more natural method of tar- 
get tracking is to follow large target move- 
ments with the head and to carr>- out small 
adjustments with the eyes so as lo maintain 
the point of interest on the most sensitive 70 
pan of the optic nen'c. During a concen- 
trated tracking task, the eye is unlikely to 
move more than 10" from head centre-line. 
In short, the aircrew sichl-line angle, mea- 
sured in a way which best utilises the human 75 
facilities avaiiabie. would consist of a 
'coarse' contribution from head position 
and a ' fine' contribution Irom eye position. 

0:ie arrangement according to the inven- 
tion will now be described by way of c.\- SO 
: :nple with reference to the aCLrompanying 
drawings. 

The requirements of the eye position de- 
tector in this appiicaijon arc for a 10" angle 
of eye movement only, but since the system S5 
can be also u.^fully employed in establishing 
cockpit scanning patici-ns there may he 
advantage in accommodating an angle of 
35''. Thus the system will establish a vector 
to the point of interest by a summation 90 
of head and eye positions. 

Referring to the drawings: 

Figure 1 is a diagrammatic arrangement 
o! a known hclmet-niounied siglu. 

Figure 2 is a diagrammatic arrangement 95 
of a helmet-mounted sight according to the 
invention. 

Figure 3 diagrammaiically illustrates the 
projected image of the iris on to a charge- 
coupied device (CCD) sensor through alter- 100 
native angles of eye movement. 

Figure 4 illustrates the resolution achiev- 
able in degrees of eye movement for each 
element of a charge-coupled device. 
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Referring to Figure J. the piiots line of 
sjghi 1 passes through a reticle 2 projected 
on to a parabolic section of visor 3. This 
line of sight to a panicuiar larcet point, 
:> tor example, is determined by means of a 
detector comprising a sight sun'cving unit 
(not shown) transmitting enercy to sensors 
from which arc computed helmet position 
and attitude, the data thus obtained being 
W transmitted to the aircraft navigation attack 
system. A parabolic reflector 3a also on the 
visor 3 projects the reticle image and also 
permits the presentation of video or other 
data transferred on to its surface in colli, 
mated form from a cathode ray tube 6 by 
means of a Jens system 4, a fibre optics 
bundle 5. an objeaive lens svstcm 7. and 
an angled mirror 8. After reflection by the 
reflector 3a, a real image is formed at the 
-iU central mirror 9 which itself reflects the 
light beam on to a panially reflecting para- 
bolic section 10 of the visor 3. producing a 
colhmatcd display visible to the pilot and 
^ superimposed on the natural scene viewed 
through the visor. 

In Figure 2, which is a diagrammatic 
arrangement of the helmet-mounted sieht 
according to the invention, the parabolic 
visor is substantially unchanged but the 
30 reticle projection 2 is omitted. A lichtweicht 
charge-coupled device (CCD) detector in the 
form of a camera J 1 and an infra-red illu- 
mmator 12 are provided, the latter illumin- 
ating the eyeball, the camera 11 detecting 
35 lu; attitude or position bv the var>ing re- 
fleciivity of the pupil 13. The imacc of the 
pupil 13 is refieacd from the visor^3 to the^ 
mirror 9 and thence to the reflector 3a. The 
camera is installed to receive the imaee of 
40 the pupil 13 rcilccted from the reflector 3a 
by way of an angled dichroic mirror 14, 
which still simultaneously permits the pas- 
sage of the collimated display in the reverse 
direction as described previously. 

The natural infra-red radiation from the 
eye wijl be in the order of 10 microns but 
the CCD camera, to be comoatible at this 
wavelength, would need to be cooled. The 
infra-red illuminator 12 proposed illuminates 
the eye at 1 micron which, alihouch neces- 
sitating a furUier item of equipment, results 
m a simpler installation of better reliability. 

The significance of the invention may be 
more clearly demonstrated bv references to 
Figures 3 and 4. 



Thus converting the angle to the more 65 
usually specified mRadians the basic resolu- 
tion is 5.6 mR per arrav element at the 
centre falling to 7.3 mR at 40\ The normal 
limit of eye movement tends to be about 35* 
but more normally is within 10* with Uic 70 
head providing the remaininc movement. 
These accuracies are marginal for weapon 
aiming and figures of the order of 10 mR 
have already been obtained with prior 
equipment. Thus, with the probable accu- 75 
racy of the combined helmet eve camera 
system resulting in a total 15 m*R circular 
error probability the advanuice m emploving 
the eye camera system is not in accuracv 
but rather m the more natural use of human SO 
facilities resulting in faster acquisition and 
superior targe: marking with less concentra- 
tion of efTorL The system also allows fixes 
to be taken at significant angles from the 
head alignment which, althouch less accu- rs 
rate, o/Tcr advantages for the initial acquisi- 
lion of targets and also for the analvsis of 
cockpit workload. When the svstem is used 
to monitor pilot activity within the cockpit 
for workload assessment the eiTeci of head 90 
translation becomes of importance but since 
the head movement is restricted bv the 
environment, the accuracv will sti'll be 
adequate to establish the instruments beinc 
viewed by the eye. For both inside and 95 
outside the cockpit the hclmct-mountcd sicht 
also suffers from errors due to rotation of the 
helmet relatively to the head. The combina- 
tion wiin the eye camera will tend to cancel 
out these errors. jqq 

WHAT WE CLAIM IS: 



Assuming the eye to have a diameter of 
30 mm and an iris diameter of 10 mm the 
image can be projected via 1.5 to 1 optics on 
60 !? ? ^^"d^rd -^-^ mm square CCD display. 
Using this arrangement with a 200 x 200 
CCD clement then the resolution achievable 
can be expressed in degrees of eve movement 
for each clement of the disp'lav affected, 
ihis is shown in Figure 4. 



1. A system for sighting targets compris- 
ing a helmet, a first detector and a second 
detector, the helmet including means for 
directing radiation from an eve of an in*; 
observer wearing the helmet to thc'first dctec- 
tor to allow thM aticr to detect the p osition 

- „i , detector Temd"" 

arrancea to detect the position of the helmet" 
so that the position of a target viewed bv tin 
the observer can be determined from sicnais 
p.-oauccd by the first and second detectors 
^ - A system as claimed in Claim I includ- 
ing an infra-rcd illuminator mounted on the 
helmet for producing the radiation, the 115 
illiiminaior being ammged to transmit infra- 
red radiation to the eve. from which the 
radiation is reflected and directed to the first 
detector. 

3. A system as claimed in Claim I or PO 
Uaim 2. wherein the first detector is a ' 
charge-coupled device. 

4. A system as claimed in anv one of the 
preceding claims in combination with a 
data presentation system which includes a P5 
panially reflecting section of a visor of the * 
helmet, and means to direct visual data onto 
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ihe panially refieciing section to prcseni the 
daui to the observer. 

5. A system as claimed in Claim 4 wherein 
the means for directing the radiation to the 
lirst detector includes at least part of the 
means to direct the visual data to the 
partially reflecting section. 

6. A system for sighting objects sub- 
staniialiy as herein described" with reference 
to figures 2 to 4 of the accompanying draw- 
inss. 



7, An aircraft inciudini: a svstem for siuhi- 
ing targets as claimed in any one of Clanns 
1 to 6. the system being arranged to provide 
signals to guide a navigation "iir.d ■ or auaci: 
system of the aircraft. 

For the Aoplicanis 
LLOYD WISE. BblJLY & HAIG. 
Chartered Patent Agents 
Norman House. 
105-109 Strana. 
London WC2R OAE. 
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